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Fibronectin (LETS) Does Not Support Epithelial Cell Spreading 
wARREN FEDERGREEN, B.A., AND KURT S. STENN, M.D. 
Departm.ent of Pathology and Dermatology, Yale University School of M edicine, New Haven, Connecticut, U.S.A. 
The dependence of epithelial cell spreading on fibro-
nectin-containing media has been investigated, u sing 
purified human plasma fibronectin, and two in vitro 
assays: (1) epidermal outgrowths from measured pieces 
of mouse ear skin, and (2) spreading of dissociated cells 
from trypsinized guinea pig epidermis. Using these sys-
tems, appreciable spread occurred in media containing 
whole plasma and plasma d eficient in fibronectin but no 
significant spread occurred in m edia enriched only in 
fibronectin. Returning fibronectin to deficient plasma 
did not enhance or reduce optimal cell spreading. These 
studies suggest that the factor(s) in human plasma which 
s upports epithelial cell spreading in vitro is not fibro-
nectin and that the chemistry of epithelial and fibroblast 
cell spreading is different. 
Recent studies have indicated that fibronectin, a cell surface 
protein, supports and enhances fibroblast and transformed cell 
adhesion [1,2] and motility [3]. The chemistry and biology of 
this high molecular weight, cell surface-associated glycoprotein 
as well as its possible mechanism of action has been reviewed 
[ 4]. 
Since we have been interested in the mechanism of epithelial 
cell movement and have documented its dependence on a 
component(s) in serum [5,6], and since others have found 
fibronectin associated with some epithelial cells [7,9] we consid-
ered the possibility that fibronectin is a lso important to mature 
epithelial cell motility. 
In this report we describe experiments using 2 different in 
vitro assays which show that media containing only purified 
fibronect in supports minimal epithelial spreading in vitro 
whereas media containing whole plasma, plasma deficient in 
fibronectin, and deficient plasma enriched in fibronectin sup-
port optimal epithelial spreading. These experiments suggest 
that fibronectin is not the component in plasma which supports 
epithelial spreading in vitro and that epithelial and fibroblastic 
cells differ by t his in vitro property. The recent studies of 
Murray eta! [10] on the adhesion of epidermal cells to collagen 
support t hese general conclusions. Throughout this paper we 
use the words spreading, outgrowth and motility interchange-
ably. In agreement with DiPasquale and Bell [11], who also 
studied dissociated cell and explant epithelial outgrowths, we 
believe that the phenomenon of cytoplasmic spread ing and cell 
movement involve similar, if not identical, mechanisms. 
MATERIALS AND METHODS 
Fibronectin Preparation 
All chemicals used were obtained from commercia l suppliers a nd 
were of reagent grade or better. Protein concentrations were dete r-
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mined by the method of Lowry et a l [12] using bovine serum albumin 
(Sigma Chemical Co.) as the standard. Human plasma from normal 
donors (P) obtained from the YNHH B lood Bank 1-2 weeks afte r 
bleeding was cleared by centrifuging 5000 xg for 25 min at 4°C (Beck-
man J6-B Centrifuge). Fibronectin was isolated from this plasma using 
a modified procedure of Engvall and Ruoslahti [13]. Gelatin-Sepharose 
was prepared following the general method of Cuatrecasas [14] using 
activated Sepharose 4B (Pharmacia, Piscataway, NJ) and a 1 mg/ ml 
gelatin (Sigma, G2500) solu t ion. F ibronectin-gela tin resin was prepared 
by mixing the gelatin-resin in plasma s lowly for 12-18 hr at 4°C. The 
resin was washed copiously (0.01 M Tris HCl, pH 8.0) at room temper-
ature unt il t he e luate was free of protein as monitored by absorption at 
280 nm (Varian Techtron Model 635 uv-visible spectrophotometer). 
Using a Lucite column (4 x 4 x 10 em) the fibronectin was eluted with 
4 M urea in 0.01 M Tris HCI, pH 8.0. Those fractions with the highest 
protein concentration were pooled and labeled fibronectin, (F) . The 
pooled (F) preparations varied from 3.9-4.3 mg/ ml in concentration 
a nd were stored at 4 °C for no longer than 24 hr in the elu ting buffer 
plus phenylmethylsulfonyl fluoride (PMSF S igma Chemical Co., 10M'') 
and NaN" (Sigma Chemical Co. 0.02%). Before use this preparation was 
dialyzed against 0.01 M Tris HCI, pH 8.0 for 8- 12 hr at 4°C. Plasma 
deficient in fibronectin (P-F) was prepar ed by pass ing whole plasma 
through a gelatin-Sepharose column (4 x 4 x 10 em) twice. (P-F) was 
stored at 4 oc and used within one week of preparation. Although the 
prote in concentration of (P) , (P-F) and (F) were determined by the 
method of Lowry et al [12] protein concentrations of (F) were a lso 
confirmed by the E1Jo of 13.5 given by Pearlstein and Gold [.15). Efficacy 
of the (F) preparation was tested in the dissociated cell spreading assay 
(see below) using BHI< cells (p rovided by Dr. Bertold Francke, Yale 
University). In this assay 100 llgm/ ml ofF in DME supported as much 
ce ll spreading as 10% P in DME wh ile minimal spreading occuned in 
DME a lone. 
Cell Spreading Assays 
Epidermal outgrowth from mouse ear skin dishes were prepared as 
previously described [5]. Ten skin d isks were placed in one Petri dish 
(34 x 10 mm, Falcon P lastics, Oxna rd , CA) and covered with 3-4 ml of 
test medium which was made of Dulbecco's modified Eagles medium 
(DME; Gibco, Grand Island, NY) and the specific plasma preparation 
to be tested. Although pia ma fractions were added to the media, we 
realize that the media actua lly contained serum protein since clotting 
occurred shortly after the addition. Plasma was used here in order to 
be consistent since the fibronectin was prepared from plasma. Cu lture 
medium was sterilized by filtration (0.45 !lin Millipore Corp. , Bedford, 
MA). The dishes were incubated at 35-38°C (Model 28, T helco, Chi-
ca~o, II;) in 95% air plus 5% CO, saturated with water. 
The spreading of dissociated epidermal cells was measured by a 
modification of the method of Grinnell [16). Using a dermatome (No-
relco) 0.4 mm thick sheets of truncal skin were removed from deeply 
anesthetized (ether) 200-250 gm Hartley male guinea pigs after clipping 
the fw· and treating with a depilatory cream (Zip, Jean Jordeau, New 
York, NY). Epidermis was stripped from this preparation after incu-
bation at 37°C for 30 min in 0.5 mg/ ml Trypsin (G ibco #70710) in 
calcium-magnesium free Tyrodes solution. Epidermal cells were sha ken 
and scraped from the epidermis, centrifuged, suspended in DME and 
counted (hemocytometer). Approximately 10'' ce lls suspended in DME 
were placed in each Petri dish (34 x 10 mm Falcon P lastics), and 
incubated at 37°C. After 3 hr the medium was discarded and replaced 
by test medium. ·At th is time 10% of the added cells were adherent. 
Following an additional 24 hr the number of spread cells per 100 
attached non-keratinized ce lls counted was determined by staining the 
ce lls with Giemsa (Fisher Chemical Co.). 
Radia.l Double Diffusion 
Ouchte rlony radia l double diffus ion was perfornied on ac id (cone. 
H ,SO.,) washed glass s lides using I% agaJ"Ose (ICN P ha rmaceuticals, 
Cleveland, OH) in buffer (18 mM phosphate and !54 mM NaCI, pH 7.4 ) 
as described by Mansi [ 171 and Omland [l8l Each _Perimeter well 
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received 5 microliters. The center we ll received 5 microli te rs of human 
fibronectin antiserum . Rabbit anti-human fibronectin was graciously 
provided by Dr. Deane Mosher, University of Wisconsin, and Dr. 
Joseph Madri, Yale U nivers ity. Radia l diffusion was carried out for 24 
hr at 4°C. S lides were t hen rinsed in the above phosphate buffer fo r 48 
hr . Staining was carried out for 15 min at room temperature in 3% 
Coomassie Brilliant B lue (S igma Chemical Corp. 18% acetic ac id , 50% 
metha nol) and then de-sta ined in 7% acetic ac id. 
RESULTS 
Plasma Fractions 
Following essentially the procedure ofEngvall and Ruoslaht i 
(13], we obtained a fibronectin protein (F) yield of about 60-
70% assuming human plasma contains 330 J.tgm (F) / ml, Mos-
esson and Umfleet [19]. This preparation shows one prominent 
band on nonreduced disc gel electrophoresis (procedure of 
Fairbanks, Steck, and Wallach (20]) and is comparable to tha t 
described by Engvall and Ruoslahti [13]. 
In contrast to the established procedure fibronectin was 
eluted from the gelatin column by a 4 M urea solution and it 
was stored at 4°C in an alkaline buffer (0.01 M Tris HCl, pH 
8.0) with the proteolytic inhibitor PMSF (10M~ ) and NaNa 
(0.02%). U nder the latter conditions we found that the prepa-
ration was considerably more stable. 
The efficacy of preparing a fibronectin deficient plasma (P-
F) was measured by immunodiffusion. As seen in th e Figure 
after 2 passages of plasma over gelatin-Sepharose no (F) pre-
cipitin arc could be appreciated. I~~ ~eparate experiment ~sing 
this method , it was found a prec1p1tm arc would form w1th a 
(F) concentration of 16 J.tgm/ ml. So the (P-F) preparation used 
contained less than 16 J.tg/ ml of (F). 
Shin Explant Assay 
Earlier studies using a well-ch aracterized assay of epidermal 
sheet movement [5,6] showed that this epithelial movement 
depends on the presence of a component(s) in serum, it is 
independent of cell division and it is measurable after a lag 
period of about 24-48 hr. The earlier work is supported by the 
data of Table I. As seen in experiments 1, 2 and 3 in the 
presence of DME alone there is minimal outgrowth while in 
the presence of low concentrations of plasma there is apprecia-
ble epidermal spreading. In experiments 4, 5, 6 and 7 the 
enti-P 
P-F 
Radia l immunodiffusion of plasma preparation (P-F) and fibronectin 
(F) in a representative experiment. In 2 sepa rate experiments concen-
tra tions were 230 f.Lg/ ml; 500 f.Lg/ ml, 600 f.Lg/m l a nd 4000 f.Lg/ ml , 1000 
f.Lg/ml, 600 f.Lg/ml for F, anti-F and P-F respectively. 
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medium contains approximately 100%, 50%, 25% and 0.5% of 
the (F) content in normal serum and yet the outgrowth is not 
appreciably more than in the absence of any plasma fra ction 
(exp. 1) . It is notable that the (F) concentration used in exper-
iment 7 is compa1·ab le to that of experiment 2. In contrast, 
outgrowth is optimal using plasma defi cient in fibronectin (exp. 
8 and 9). The possibility that (F) might be inhibitory or pote n-
tiating was tested by replenishing (F) to deficient plasma (exp. 
10); in t his experiment the outgrowth is impressive in contrast 
to spreading in the presence of (F) alone (exp. 4) and not 
sign ificantly different from that in the presence of deficient 
plasma alone (exp. 9). 
Cell Spreading Assay 
In this assay the spreading of individua l epidermal cells was 
studied. Cells were read as "spread" if the cytoplasm about 
their nuclei assumed the radial or fu siform pattern as described 
by Vasiliev and Gelfand [21]. As described in Table II spreading 
occurred in the presence of (P) (exp. 2) and (P-F) (exp. 4) but 
not in the absence of (P) (exp. 1) or the presence of purified (F) 
(exp. 3). It is again clear that adding (F) back to the deficient 
plasma did not influence epidermal cell spreading (exp. 5). 
DISCUSSION 
These data gleaned from 2 different assays suggest that (F) 
is not the component in plasma necessary for epidermal cell 
spreading in vitro. Neither at high nor at low concentrations 
does purified (F) support spread ing while (P), (P-F) and defi-
cient plasma with replenished (F) all support spreading. In 
contrast to the fibroblast and several tumor cell lines [3], 
epidermal cell spreading is not influenced by fibronectin. These 
results are supported by t he studies of Murray et al. (10] who 
also found tha t epidermal cell adhesion to collagen is not 
enhanced by fibronectin. Perhaps this finding is not surprising 
since fibroblastic and epithelial cells are different in many ways. 
TABLE I. Epithelial spread from mouse ear shin explant 
Medium 
1) DME 
2) DME + P 300 1-'g/ ml 
3) DME + P 600 f.lg/ ml 
4) DME + F 230 f.Lg / ml 
5) DME + F 115 !-'g/ml 
6) DME + F 67.5 f.Lg/m l 
7) DME + F 1.5 f.Lg/ml 
8) DME + (P-F) 300 f.Lg/ ml 
9) DME + (P-F) 600 f.lg/ml 
10) DME + (P-F) 600 f.lg/ml + F 
230 f.Lg/m l 
48 hr 72 hr 
Outgrowth Outgrowth 
109 ± 11 (28) 
237 ± 14 (42) 
270 ± 14 (29) 
112 ± 7 (74) 
ND 
ND 
101 ± 9 (25) 
N.D. 
346 ± 13 (85) 
308 ± 11 (57) 
125 ± 14 (26) 
427 ± 22 (48) 
541 ± 31 (34) 
169 ± ll (81) 
142 ± 11 (36) 
126 ± 8 (31) 
121 ± 12 (27) 
363 ± 30 (24 ) 
585 ± 25 (74) 
567 ± 21 (52) 
Data a re recorded as the average maxima l rad ia l outgrowth (mi-
crons) ± l SE (No. of observations). Concentrations a re expressed as 
flg of protein per ml of growth medium. 
DME = Dulbecco's modified Eagles medium; ND = Not determined ; 
P = plasma; F = fibronectin; (P-F) = fibronectin deficient plasma. 
TABLE Il. Cell spreading in epidermal cell a.ssa.y 
Medium 
1) DME 
2) DME + P (600 1-'g/ml) 
3) DME + F (230 f.lg/ml) 
4) DME + (P-F) (600 f.Lg/m l) 
5) DME + (P-F) (600 f.Lg/m l + F 230 11g/ 
ml) 
Spread Cells/ tOO 
Ce lls'' 
1 ± 0.4 (12) 
45 ± 3.0 (8) 
0.5 ± O.l (10) 
37.5 ± 3.2 (10) 
50± 5.8 (6) 
" Data are recorded as the average number of spread cells per 100 
ce lls observed ± 1 SE (No. of observations) gathered from 2 to 4 
sepa rate experiments. 
DME = Dulbecco's modified Eagles med ium; P = plasma; F = 
fibronectin; (P-F) = fibronectin de ficient plasma. 
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This study does however pinpoint a specific chemical difference 
p ertaining to a very basic process common to both cell types. It 
may be that each specific cell type will have its own spread ing 
and adhesion modulating molecule and a family of " fibron ec-
tins" will become appa1·ent. Such a molecule may be present 
for chondrocytes [22]. 
If fibronectin does not mediate epidermal cell spreading what 
p lasma component does? Some attention has been given to th is 
question [5,6,23-25], but an active component has not yet been 
isolated . It is generally agreed by all workers that a compo-
n e nt(s) exists in plasma which promotes epidermal spreading 
and that this component is specific-it cannot be replaced by 
serum albumin, fetuin [5] or fibron ectin (this study). Observa-
tions h eretofore indicate that the human se rum component is 
non-dialyzable [5,6,23,25] and heat sensitive [5]. The compo-
nent acts reversibly a nd in the absence of cell division [6]. 
Although it is assumed to be a protein, un t il the activity is 
pm·ified, characterization of the molecule (s) and its action will 
remain unknown. By elucidating this activity we will gain 
insight into some of the chemistry behind the striking morpho-
logical and behavioral differences between fibroblastic and ep-
ithelial cells . 
Note in proof Evidence for the identification and isolation of a 
specific plasma protein which supports epithelial cell spreading 
has been presented ([K. S. Stenn J Invest D ermatol 74: 262 
(1980)]. 
The technical assistance of Mrs. Adeline Tucker is gratefu lly ac-
knowledged. 
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